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INTRODUCTION
This manual presents a general description of••the-STARS-2S .digital computer- .
program. FORTRAN IV is used exclusively in writing the various subroutines..
The execution of this program requires the use of eleven temporary storage
units.. ... - .
The program was initially written and debugged on the IBM 370-165 computer and
then converted to the UNIVAC 1108 computer, where it utilizes approximately
53,000 words of core. Only basic FORTRAN Library routines are required
by the program, these being: sine, cosine, absolute value, and square root.
For ease and speed in usage, the Table of Contents on the following page
has also been laid out to present the call sequence of the program.
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SUBROUTINE MAIN
tfain is the control link for the entire program. Sizing values are read into the
program and.so are the material property tables. Galls are made to subroutines
RIEMAW and SEGMAT once for each segment in a region; then subroutine REGMAT is
called. This procedure is executed once for every region in the structure.
Finally, calls are made to subroutines STRMAT, INITAL> and LEBEGE. A logic
control, NIX, is used after most subroutines called by MAIN. This control
determines whether the operation of the program within a subroutine was.successful,
and either allows further calculation, or presents an error message, as appropriate.
In a multi-harmonic run the above calling sequence- is in a loop on the harmonic
number, and the harmonic loads are updated in this routine.
There are also several counters .in this control link. These are defined as
follows:
NSC - Counts the calls to subroutines RIEMAN and SEGMAT, from
1 to the number of segments within a region.
NRG - Counts the calls to subroutine REGMAT, from 1 to the
number of regions in the structure.
NHRC- Counts the harmonics in a multi-harmonic run.
The block data and overlay listings are included in this section.
MAIN
READ:
NREG, NSMAX,
NMPT.NPROB,
NCUPLE, IHCLUE,
NGRAPH
READ:
NST(NRC): NO.
SEGMENTS PER
REGION, NKL(NRC):
NO. LINKS PER
REGION,
NRING(NRC): NO.
RINGS PER REGION
t
NHRC =
NHRC + 1
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' SUBROUTINE RIEMAN .
. ^
This subroutine link assembles' the data tables for use in the integration
procedure. The program has'the capability of handling at most 10 problems, :
each with 5 non-temperature load conditions. If however, temperature loads are
included, the program wilir'include the thermal stresses in all the load conditi
A multi-harmonic run can encompass only 1 loading condition.
The^subprogram link, RIEMA&y utilizes the subroutines SETUP, ROBOT, DIFl, or
DIFF2, to integrate the differential equations'of each segment independently, /
under arbitrary load conditions. The results of the integrations of each segme.
are stored in the YCCJRR array' in RIEMAN, and represent the stiffness and deflec
coefficients of each segment.
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FORTRAN CODE
XFTHLD
XFPHLD
XFZELD
XMTHLD
XMPHLD
ETHET
EPHI
XGPT
XNUTP . ,
XNUPT
•ALPHTH: /•
ALPHPH
XNTTH
XNTPH
XMTTH
XMTPH
: ' XK11. : " • ' . • '
XK22
XD11
XD22-;'-" . ' .
XK33
XD33-.
"•'..'.• .>
ENGINEERING SYMBOLS (REF. 1)
f.
•6
f4>
fc
ni^e
m
*
E.6
rf)
d)0 •
%
(D 0
"
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%
NT6
NmT<C
e^
. V
Kii
K22
Dll
D22 ' ' '.-
.
 K33
D •
11
RIEMAN
READ:
MAGIC CONTROL,
CLUE CARDS, AND
GEOMETRY OR
SPLINE DATA
MATERIAL
PROPERTY.
IDENTIFICATION
SET: MAT
TEMPERATURE
LOAD
IDENTIFICATION
SET: KELVIN
/RETURNTOV
\^ MAIN Jr
YES
GEOMETRY
IDENTIFICATION
SEARCH
SET: KGEOM
FACE SHEET
IDENTIFICATION
SEARCH
SET: THICK
MAGOUTVY E S
TYPE OF
MATERIAL
PROPERTY
SET: ITYPE
SEGMENT
IDENTIFICATION
SEARCH
SET: ISTTAB
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SUBROUTINE SETUP I
.' • • • .: : ~ .\ I
SETUPvis a double entry subroutine called from RIEMAN. It is a mixed precision, j
numerical integration routine, with automatic selection of a variable integration j
i . - ' ' ' * • •
step size, which utilizes fifth order Runge-Kutta equations to obtain the solutio •
for first order differential equations.' .
•''" • , *'' ''•• I
•.''. SUBROUTINE MAGIC - ''•-.'...' \
MAGIC is an alternate, entry point to subroutine SETUP. •-. .
 ; I
-*{
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YESH-
SHIFT STORAGE
K = l
HALVE At
K= 1
c INITIALIZE MAGICCALL SETUP (K = 0)
/CA!
USD]
J
CALCULATE DERIVATIVES
(SOLVE EQUATIONS)
N
T K = K-H J
-KYES
•—/FIRST CYCLEJ
YES)*- IS AUTOMATICSTEP SIZE USED?
CALCULATE EXTRAPOLATED
VALUE AND YDEV
/ I S Y D E V \_
\TOO LARGE?/"
ENTRY SETUP
ENTRY MAGIC
DOUBLE At FOR
NEXT CYCLE
CALCULATE K1
VRUNGE-KUTTA FORMULA
OUTPUT
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SUBROUTINE ROBOT
This subroutine is used by RIEMAW to calculate geometric and load coefficients
for use in the differential equations. With reference to geometry, all the
necessary radii are calculated, as well as the stiffness coefficients of the
various shell -wall constructions. Thermal load moments and direct forces are
also calculated from direct temperature input.
All the above values are passed back via the label common area EQUAZN.
In the case of a special point input geometry the ROBOT routine calls GEOMET.
Subroutines GEOMET,, PLICO, PLINE
Starting from a set of z,r points these subroutines calculate the necessary
radii of the shell curves using spline fits.
30
FORTRAN CODE
RO
Rl
R1DOT
CS
SN
A
C
.XW
F2
F3
TAN;- TN
SEC
Til
TIK
TOK
TOO
TEFREE
HI
HO
T
TI
TO
SNSQ
CSSQ
CN
X1CS
X1SN
R2
ENGINEERING SYMBOLS (REF. 1 )
0
r
1
r
1,*
COS <j>
' sin <f>
a
c
n
f
2
f3
tan <)>
sec <j)
T. .11
T.
1C
T
oc
T
oo
T
h.i
h
o
t
t.i
t
o
2
sin <f>
2
cos <f>
cos <(> sin <)>
I/cos <j>
I/sin <j>
r2
BETA 6
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FORTRAN CODE
X1ROSN
X1ROCS
CSX1RO
CSX1R1
CSX1R2 -, '.
i
SNX1RO
SNX1R1 .. ..
X1R1
X1R2 i "
X1R1SQ
X1ROSQ ' '
i •
t
ENGINEERING SYMBOLS (REP. 1 )
1/r.. sin <j>0
l/rQ cos (j>
• . cos <j>/r0
cos 6/r.,
' ' . • 1
. • .1 cos <J>/r2
sin 4>/rQ
' - • .• sin ij)/rn
• . J.
•
 1/rl
1
 2
l/rx2
j
1
 ^
''. .. '( . •>.
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ROBOT
ENTRY
GEOMETRIC VARIABLES
CALCULATE
WALL STIFFNESSES
YES
CALCULATE THERMAL
LOADS
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SUBROUTINES DIF1 AND DIFF2
These.-subroutines are called in RIEMAN as necessary. DIF1 contains the
differential equations for the TRIG and ST clues, while DIEF2 contains the
differential equations for the RWA and ISG clues. Geometry clues, trigonometric
values, and predicted values of the differential equation variables are passed
via label common area, EQUAZN, to subroutines DIF1 or DIFF2.
The specific derivative equations and auxiliary equations are contained in these
subroutines. The values of each derivative equation, YDOT, and each auxiliary
equation, YA , are returned to RIEMAN via label common EQUAZN.
A special equation counter, I, is used in these subroutines, which counts in
increments of eight. The first eight values of I, 1 through 57 (in increments
of eight), correspond to the eight sets of initial conditions required to compute
the segment stiffness matrices in subroutine SEGMAT. The subsequent values of I,
65 through 137 maximum (again in increments of eight) correspond to the computati
of each set of eight equations for each loading condition (10 load conditions
maximum). • •.,
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FORTRAN CODE
XN . .~-~
YDOT (I)
YDOT (I + 1)
YDOT (1+2)
YDOT (I + 3)
YDOT (I + U)
YDOT (I + 5)
YDOT (I + 6)
YDOT (1+7)
YPRED (I)
YPRED (I + 1)
YPRED (1+2)
YPRED (1+3)
YPRED (I + H)
YPRED (1+5)
YPRED (1+6)
YPRED (1+7)
YAMPT
YANTH
YAMTH
ENGINEERING SYMBOLS (REF. 1 ) _
n
(f) 0 (J) • Q.S
dN.
N — *
<J> ,.<)) ds
T 9 T ^-S
dM
4>,<l> ds~~
U §£
' 4> ds
V dV
'<)) ds
W —
tj) els
6*0 Q.S
ts
T
q)
j(h
(n
U
V
W
ne
%e
Ne
Me
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FORTRAN CODE
R2SQ
ROSQ
X1RO
S
XK12
XK21
XD12
XD21
XC11
XC22
XNSQ
ENGINEERING SYMBOLS (REF. 1 )
2
r2
2
ro
s
K12
K21
D12
D21 '
Cll
C22
2
n
Kon-Lineax Redefinitions (Ref . 1 )
YDOT (1+2)
YPRED (1+2)
YAJPH
XNPHI
*•+
"
N
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DIF1
ENTRY
IFKGEOM= 1 ,2 ,5 ,6 , OR 7
IGEOM = 1
IF KGEOM = 3;IGEOM =
IF KGEOM = 4; IGEOM = 3
IF
STTAB^\ YES
1 OR 10 OR
11 OR
1 '
OOR
JATIONS
i
3
^
CONE
EQUAT1
CYLINDER EQUATIONS
RETURN
CYLINDER EQUATIONS
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ENTRY
0 COOR.
EQUATIONS
IF KGEOM = 1, 2, 5, 6, OR 7
IGEOM = 1
IF KGEOM = 3, IGEOM = 2
IF KGEOM = 4, IGEOM = 3
RWAF OR ISGR SET
CYLINDER
EQUATIONS
RETURN
CONE
EQUATIONS
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SUBROUTINE SEGMAT
The results of the subroutine link, RIEMAN,. are passed through the label common
area, LYCOKR, to this subroutine. SEGMAT places the elements of the YCORR
array into several double-subscripted arrays, forms some coordinate transformatic
arrays, and calls subroutine SREYN2 for double precision matrix inversion.
As a result of appropriate matrix operations this subroutine produces a segment
stiffness matrix, the XKS array; and a segment load matrix,^the'XLS array, for
each segment. SEGMAT also orients each segment into the global coordinate
system of the structure as a result of the matrix operations.
Subroutine SREVU2
SREVN2 is a subroutine called by SEGMAT to invert a real, double-precision,
in-core matrix utilizing Gauss-Jordan elimination with partial pivoting.
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FORTRAN CODE
SNI
, .. SNJ
'•:.<; C?1
CSJ
A MATRIX
. B. MATRIX
C MATRIX
D MATRIX
E MATRIX
XKT MATRIX
XMAX MATRIX
XKS MATRIX
XLS MATRIX
ENGINEERING SYMBOLS (KEF. 1 )
si
ci
[ IFT ' •0
.
0
X
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' iu
0
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0L
' TIDT
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1
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CALL
SREVN2
(RESULT IS
IN CC ARRAY)
FORM
X2 = X1 *E
FORM
X3 = B * X2
FORM XKS =
XKT * XMAX
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SUBROUTINE REGMAT
The segment stiffness matrices, XKS, and the segment load matrices, XLS, are
passed from SEGMAT to REGMAT via Tapes #2 and #3, and are placed in the XKRTOT
array and the XLRTOT array, respectively. If kinematic links occur between
segments in the region, the XKRTOT array and the XLRTOT array are modified to
represent the situation. In the case of discrete rings the routine RINGER is
called and provides the necessary matrices.
A horizontal and vertical partitioning of the XKRTOT array occurs while the XLRTOT
array is subjected to a horizontal partitioning only. Appropriate matrix operations
are performed upon the partitions of each array, thus reducing the size of the
region stiffness and load matrices and resulting in increased program capacity.
The results of these manipulations are the region stiffness matrix, XKR, and the
region load matrix, XLR.
Subroutines Called from REGMAT , . .
 : .
Subroutine SWITCH; Is a routine used to arrange- a matrix in a form convenient
for use by another routine employing a positive definite method for solving linear
algebraic equations.
Subroutine CHASE; Is a routine used to obtain the solution X of the linear system
AX = Y, given at least one right side of Y and the positive, definite, symmetric,
real coefficient matrix A.
Subroutine FUTILE; Is a routine called from CHASE and used to obtain the factoriza-
tion of the positive definite, real, symmetric matrix A into the product of a lower
triangular matrix and its transpose by utilizing a Cholesky decomposition.
Subroutine TRIEQ; Is a routine called by CHASE to solve a triangular system of
algebraic equations. ; .
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FORTRAN CODE ENGINEERING SYMBOLS (REP. 1)
SKL MATRIX
SKLTR MATRIX :,.
XKRTOT MATRIX
XLRTOT MATRIX--'
SKL22 MATRIX
REGTOT MATRIX
STORE MATRIX
XK11 PARTITION
XK12 PARTITION
XK22 PARTITION
XK21 PARTITION
LiBl
LJR1
[4]
[4]
[4]
[4]
68
FORTRAN CODE ENGINEERING SYMBOLS (KEF. 1)
XL1 PARTITION
XL2 PARTITION
XKR MATRIX
XLR MATRIX
[4]
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ENTRY KfcuMAi
1
RE
(2)
XK
„ —
i
WR
(4)
XK
.
\
RE
(3)
XL
<-•--
1
YES
 /Wr rNRO\. N0 . CALL *Swti ruprX NO .
I
I
[
r
AD
R
r
ITE
R
f
AD
R
r
WRITE
(8)
XLR
1 »
X. = >"" ' RINGER ~N. .
 = '/
YES
NO ./NISK i >^ FORM
X^^ = >^ XKRTOT MATRIX *
YES
FORM
SKL MATRIX
WRITE
SKL22
'
. r INO
;
PARTITION
XLRTOT
 fc
AND
WRITE ON 1 2
n-EMP " » FORM jX^NSKL^V
1, XLRTOT MATRIX *\ =t
SKL] ! [XKRTOT] N^O/
TYES
PARTITION ,
 FORM
REGTOTINTO
 Dprrrrvr t- ,
SJllxKM [ROW] [SKL]
FORM
CTORF —
[SKL]T[XLRTOT]
' 1 '
PARTITION
STORE AND
WRITE ON 12
^ 1
.
CALL CALL CHASE - WRITE
SWITCH KLoL. 1 * NEW P
XK21 = [XK22] '! [XK21]
 XK21
'
FORM
Yfc' 1 00 1 —
[XK12][XK21]
WRITE
FORM
 (10) CALL CHASE WRITE FORM
[XK12][XL2]
 XL2 . XL2 = [XK22]'1 [XL"2] XKR
FORM WRll t ' ' ' S
YI I? k (81 , 4RETURNTO -\
YT i ~" ~w i o r o Y T R ' ^^.
' ' k
IAIN) -
XK11-XK1221
> ' • .
tNOTE: RTEMP-fROW]
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SUBROUTINE RINGER
This subroutine reads the discrete ring geometric data, and temperatures, and
forms the ring stiffness and thermal load matrices. These matrices are passed
back to either of subroutines REGMAT or STRMAT (see next) as necessary, for
incorporation into the region or structure matrices, respectively.
The calculations in RINGER account for the eccentricity of the ring centroid
from the base shell wall, and the offset of the ring centroid from the shear
center.
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FORTRAN CODE MGIMERING SYM3BIS (REF. l)
RWGTOT MATRIX
TDEL MATRIX
KNGLOD MATRIX
RC
RS
XC
YC
wH
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C
RINGER
ENTRY
READ RING
DATA
FORM RING
STIFFNESS MATRIX
FORM RING
THERMAL LOAD
MATRIX
FORM
ECCENTRICITY COORDINATE
TRANSFORMATION MATRIX
1 '
( RETURN J
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SUBROUTINE STRMAT
The region stiffness matrices, XKR, and the region load matrices, XLR, are
passed from REGMAT to STRMAT via Tape #U arid Tape #8, and are.placed in the
XKSTOT array and the XLSTOT array, respectively. A matrix, BCD, is formed to
represent the boundary conditions, and, if kinematic links'occur between region
the RKL matrix is developed to represent this situation. The subroutine RINGER
is again called for discrete ring matrices. "
As a result of appropriate matrix operations, a reduced structure•stiffness
matrix is formed. Subroutine FLEX, a routine identical to SREVN2 (except for
being in single precision) with the name changed due to the structure of the
OVERLAY option, is called to invert this matrix thus producing A, the flexibili'
matrix for the structure. The region end deflection array, DRE, is produced as
the result of another'set of matrix operations.
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FORTRAN CODE ENGINEERING SYMBOLS (REP. l)
BCD MATRIX '
BCT MATRIX .
XST MATRIX
' XKF. MATRIX
'A 'MATRIX '
XSL MATRIX
XLS ARRAY
XFL'ARRAY
DRE ARRAY
[EC]
[4
A
w
A
Mi
A
w,
F '
A
H,
89
STRMAT
CALL FLEX FORMXKF MATRIX
READ SUPPORT
STIFFNESS
CONSTANTS
IF ANY
FORM
XFL MATRIX
READ
ADDITIONAL
HARMONIC
DATA
RESET
[XLS] =
[XFL] - [XLS]
/RETURN TO
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SUBROUTINE INITAL
As a result of the matrix operations performed in REGMAT, the SKL22, the XK222
the XK22L2 arrays for each.region are passed to INITAL. The XK1112 and XL1 ar
for each segment, resulting from the matrix procedures in SEGMAT, are also pas
.INITAL. The region end deflection matrices, DRE, were formed in STRMAT and are
transmitted to INITAL.
Following appropriate matrix operations upon these arrays, the force initial cone
tions, the FICS array, and the deflections initial conditions, the DIGS array, ar
produced. These arrays combine to form the YICS matrix, which contains the true
initial conditions for the' structure to be analyzed.
The pertinent counters in the subroutine are:
NS = segment counter
KR = region counter
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FORTRAN.CODE ENGINEERING SYMBOLS (KEF. 1 )
XK2221 MATRIX
XK22L2 MATRIX
DSE ARRAY
XK1112 MATRIX
ROTD MATRIX
DIGS ARRAY
XL1 AERAY
ROT MATRIX
FIGS ARRAY
A _1 A
|K22j JK2Q
A , A
H W
I')
[iDTj
{6(0}
[iFTJ
f f ( D )
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XlH.LT.fUj
NR
= 1
YI-:S
RESET TEMI> =
(TEMP + X K 2 2 L 2 )
1
REA
NO.
XK2
^— I
1)
10
2L2
.THMI' =
XK.2221 * ORE
L^ —
\
READ
NO. 3
DRE
FORM ROTD
\ r .-'
DICS =
ROTD* DSE
READ
VARIABLE :
N<
D.
D. L TAPE
5E '
READ
NO. 9
XL1
READ
NO. 9
X K 1 1 1 2
TDSE =
X K I 1 1 2 *DSE
FORM YICS =
IFICS]
[bicsj
RESET TDSE =
TDSE + XL1
FICS = .
ROT * TDSE
.'
FORM ROT
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SUBROUTINE LEBEGE
The subroutine link LEBEGE receives the YICS array for each segment from INITAI
via Tape #*K The subroutine FIXEM is called to integrate the differential
equations of each segment, under true load conditions. FIXEM is identical to
subroutine SETUP, while WAND corresponds to subroutine MAGIC and only
consideration of the OVERLAY structure dictates the change in names. The
subroutines TOBAR, TEMOEG, PLYCO, and PLYNE are similarly equivalent to ROBOT,
GEOMET, PLICO, and PLIWE discussed previously.
The results of the final integration sequence are the forces and deflections
at the beginning, intermediate, and end points of each segment. These are
passed to the subroutine OUTPUT.
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LEBEGE
READ:
MAGIC CONTROL,
CLUE CARDS, AND
GEOMETRY OR
SPLINE DATA
MATERIAL
PROPERTY
IDENTIFICATION
SET: MAT
GEOMETRY
IDENTIFICATION
SEARCH
SET: KGEOM
TYPE OF
MATERIAL
PROPERTY
SET: ITYPE
TEMPERATURE
LOAD
IDENTIFICATION
SET: KELVIN
FACE SHEET
IDENTIFICATION
SEARCH
SET: THICK
SEGMENT
IDENTIFICATION
SEARCH
SET: ISTTAB
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SUBROUTINES ODE1 AND ODE2
Subroutine LEBEGE calls either ODEl or ODE2, as necessary, and various geometric
and trigonometric clues, as well as the predicted values of the variables for the
differential equations, are passed to this subprogram via label common area LASTEQ.
The equations in ODEl and ODE2 are identical to those in subroutines DIFl and
DIFF2 respectively, with the addition of the auxiliary equations for YAQPH, and
YAQTH. Subroutines ODEl and ODE2 perform the final integration for each segment
in the structure utilizing the initial conditions previously obtained, and return
these values to LEBEGE via label common area LASTEQ.
The ODEl, ODE2 flow charts are identical to the DIFl, DIFF2 flow charts, respective!,
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FORTRAN CODE ENGINEERING SYMBOLS (REF. 1)
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SUBROUTINE OUTPUT
Subroutine OUTPUT is called from LEBEGE and stress resultants, deformations,
and geometric data are passed to the subroutine in the label common area IASTEQ
The routine OUTPUT calculates stresses and strains, and sums these: in a Fourier
series for given angles, in a multi-harmonic submission.
The final program printing, both with and without intermediate result requiremei
is done in the OUTPUT subroutine. OUTPUT also creates any necessary restart ta]
Subroutine ARRAIS:
If the clues are set for graphical display of results, the necessary informatior
is passed to this subroutine, which in turn rearranges the information to be
plotted into proper arrays.
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FORTRAN CODE
SITIN
' '"SI TOUT ' '
SI PIN
SIPOUT
"TPTIN •' •'
TPTOUT
ZBRIN "
ZBROUT
SCRIPA
SCRIPI
SIFIN
SIFOUT
TZEPH
TZETH
ENGINEERING SYMBOLS (REF. 1)
in
'
 0
out
o -
in
•, °*out
T4>e.in
T . . ' . ' . .
out
7 '
in . , •
^out
J
J
a
in
°F
out
'M
Tce
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FORTRAN CODE ENGINEERING SYMBOLS (REF. l)
EPSITH'-
EPSIPH
GAPHTH ' •'
XKTH
XKPH
-XKPT"-... "' .
ke
k.
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OUTPUT
RUN MULTIHARMONIC
READ MULTIHARMONIC
SUMMED RESULTS FOR
APPROPRIATE STRESS,
DEFORMATION & LOAD
VALUES (THIS MAY BE
FROM RESTART TAPE)
IS
INTERIM
PRINT :•••
REQUIRED
ESTABLISH VALUE
OF ISTTAB
COMPUTE STRESSES AND
THERMAL STRESS RESULTANTS
FOR THIC, WAFF, ISGR AND
ST CASES
SUM CURRENT
HARMONIC WITH
PREVIOUS
HARMONICS
WRITE
RESULTS ON
TAPEX
RUN MULTIHARMONIC
IS
NGRAPH =
AND NHRC
NHAR
INTERIM PRINT
REQUIRED
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SUBROUTINE GRAPH
This subroutine controls the system graphical routines. GRAPH prints the titles
and passes the graphical display points to the necessary system routines, which
utilize a Stromberg-Carlson k020 plotter.
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SUBROUTINE ETRAP.
This is an error trap subroutine which can be called by the MAIN routine
at various stages of program execution. If the indicator NIX is not equal
to zero, MAIN will call ETRAP and indicate the proper error message to be
printed.
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